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Abstract 
The peristaltic pump has a vital role for transporting the blood in the extracorporeal circuit of 
hemodialysis machine. Such a  pump consits of a stepper motor, gear box and rotor shaft  with two roller 
attached on it.  The transported volume of the pump depends on the tube segment pressed by roller. 
Therefore,  the deviation in the amount of delivered fluid may occurs. It is a problem when it is used in 
the medical device with high accuracy requirements such as hemodialysis machine.  To overcome such a 
problem, the transport of fluid need to be controlled.  
The aim of this work was to design and  implement of an embedded microcontroller for  controlling 
and monitoring fluid transport in the peristaltic pump. An electronic hardware which consists of 
STM32F4 development board, stepper motor driver circuit, current sensor, magnetic sensor  and arterial 
presure sensor circuits was developed in parallel with embedded software development. The embedded 
sofware consists of routines for monitoring current sensor, pressure sensor, and magnetic sensor, as well 
as routines for pump speed controller.   The STM32F4 board which consits of   ARM Cortex M4F 
microcontroller was chosen  because of the trade off between price, performance, and low power 
consumption.  
The peristaltic pump system was tested with the mixture of water and glycerin with certain 
composisition and having viscosity simular to human blood. The validation was also be performed by 
comparing the results with the measurement conducted using turbine flow meter. The results shows that 
the performance of the controller is working as expected.  
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1. Introduction 
Embedded  system is playing an important role in our life.  It is  a technology which makes our life 
more comfortable and safe. Most equipments used in our daily activity, ranging from medical to 
communication systems are builts upon embedded system. Therefore, today economy and society would 
heavily depend on them.  Embedded systems have driven the product innovation and diversification in 
terms of functionality, efficiency, and quality [1].    
Unlike general purpose computer, embedded systems are built for specific applications. The 
application of embedded systems in medical area for example is becoming great interest since it allows 
the construction of compact devices that help the physician in treating the patients.With the increasing 
power of processing device as well as the complexity of control system, with the current processing 
system,  it is possible to integrate not only the control and monitoring activities, but also to take the 
decision tasks into embedded systems. In addition, with the avaibility of a general purpose reconfigurable 
platform, it is possible to develop such a complex system with reduced time development  and give results 
having similar characteristics to other similar embedded systems. This system is also robust and fully 
reliable, capable of working for extended periods of time without failure. 
The performance of embedded control systems can affected by many factors. It depends not only on 
the control design, economical and technical constraints, but also on the efficient scheduling of the shared 
computing resources [1]. The control design should satisfy applications’s requirement and resource 
constraints. The major challenge in control design is to estimate essential characteristics of the final 
implementations in the early design process. This can help in making important design decisions before 
investing too much time in detailed implementations. 
This paper presents the design and implementation of embedded  microcontroller for controlling 
peristaltic blood pump speed in hemodialysis machine.  The blood pump consits of a rotor with two 
rollers attached to it. When peristaltic pump is in operation, the compression of plastic tube by the roller 
on the chamber wall will create resistance on pump motor. The result was that a relatively large pressure 
disturbance  will be generated on blood flow. To overcome such as flow disturbance,  an implementation 
of intelligent control algorithm on  embedded software was performed and hence a smoother in flow rate 
was obtained.  
The organization of the paper is described as follows. The first section, a brief description of 
peristaltic blood pump and hemodialysis machine will be presented. The second section describes about 
method used in this work which consits of hardware development, software development including the 
intelligent control algorithm.  The last section describes the result obtained from the experimental work. 
 
Nomenclature 
PART arterial pressure 
ωrotor  rotational frequency of pump rotor shaft 
f duty cycle of motor 
i      phase current 
L phase inductance 
R phase resistance  
u terminal voltage  
e emf voltage 
ϴm motor mechanical angle 
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2. Peristaltic Blood Pump System 
In the extracorporeal circuit of hemodialysis machines, the blood flow is transported  by a peristaltic 
pumping system.  The system as shown in Fig.1 consists of peristaltic pump head, stepper motor with 
gear box, motor driver and controller.  The pump head was constructed by housing body and a rotor with 
two rollers attached on it. An elastic tube is fitted to a semi circular chamber that partly surrounds the 
rotor and the transferred fluid gets in contact only with the inside of the tubing and hence lowering the 
risk of contamination [2]. The tube set is changed between each patient. When the pump is in operation, 
one roller will press the elastic tube segment to the housing and force the blood to move forward. Before 
the first roller reaches the end of the housing and release the manifold, the second roller will close tube 
segment preventing the back-flow [3,4]. The compression of the plastic tube induces a resistance on the 
pump motor which will create a relatively large pressure disturbance  in the fluid flow. 
 
 
 
Figure 1. Peristaltic blood pump system 
 
In order to get the accurate blood volume to be transferred,  controlling the pump speed is important in 
hemodialysis.  The pump speed can be set by controlling the amount of currents injected by the electronic 
motor driver. Such  currents are converted to PWM duty cycle for powering the phase coils, and hence 
changing the motor speeds.   In  the case of peristaltic blood pump, the PWM duty cycles are not constant 
since the load is dynamics, depending on the amount transfered fluid volume. 
2.1. Electrical Model  
 Schematic diagram of stepper motor driver is shown in Fig.2.  If two phase stepper motor used for 
driving the pump, each of the two electrical phases of the stepper motor can be modelled as RL circuit 
and back electromotive force as follow [5],  
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The phase current ij can be measure by current sensor placed close to the coil.  
 
Figure 2. Schematic diagram of stepper motor driver [5] 
2.2. Mechanical Model 
The mechanical part of the motor can be modelled as a rigid body subject to various torques [5],  
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where J is the moment of inertia,  τem is the electromagnetic torque, τdm is the detent torque, τl is the 
external load torque, and Tdm is the detent amplitude.   
2.3. Controller Design 
A  controller had been used to control the duty cycle of the  PWM signals. Such a controller is given as 
follows [5],  
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where Rfe and Lfe are the resistance and inductance of the core loses. Using the Tustin transformation, the 
continuous time controller of Eq.7  was discretized with the discretization period of Tcont which is equal to 
the PWM period allowing the PWM duty cycle  to be decided by the controller at each period. The 
controller coefficients have been analytically expressed in terms of motor parameters, which is expressed 
by the following equations [5],  
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The schematic diagram of the motor phase current discrete controller is depicted in Fig. 2. The actuator 
saturation represent the DC voltage supply of full H Mosfet bridge, whose values are continuously 
monitored. 
 
 
Figure 3. Motor phase discrete controller [5] 
3. Material and Methods 
3.1. Hardware Development 
The hardware systems constist of the peristaltic pump and electronic system. The pump has a diameter 
of approximately 11.0 cm. It uses a tube with an inner diameter of about 0.5 cm giving a stroke volume of 
approximately 8.494 ml. The pump was powered by a stepper motor. The angular speed of the stepper 
motor was transferred to the pump drive shaft through a gear box which consits of set of planetary gears. 
A permanent magnet for detecting motor shaft rotation was placed inside the plastic roller arm and Hall 
sensor was positioned inside the pump housing body.  
The electronic carrier board had been built upon embedded control system which complies to the 
system requirements. The carrier board constists of STM32F4 board, stepper motor driver, Hall sensor 
circuit, arterial pressure sensor circuit and serial port.  The speed of pump rotor shaft  was measured using 
a Hall sensor attached to the pump housing body. When the permanent magnet inserted on the pump’s 
roller arm is in the position close to the magnetic Hall sensor, a square wave for of electrical signal will 
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be generated on the sensor output. The signal  sequences   were fed to the microcontroller for pump motor 
duty calculation and hence pump speed.   Arterial pressure sensor was placed before the blood pump.   
The power stage of the stepper motor driver consists of two full Mosfet H-brides connected to STM32F4 
board. Each H-bridge consits  of 4  power Mosfets IRFB31N20D.  The 8 power Mosfets are driven by 4  
IR2183 Mosfet drivers, each one driving a full leg of the bridge. They are optically coupled to the PWM 
signals (through a 74HC540D buffer) by means of 8 6N137 optocouplers. The current measurements are 
made by means of two LEM LTSR 6-NP [5].  
The core of the electronic system is the STM32F4 board.  This board was choosen because of the 
trade offs between price, performance, and low power consumption [6,7]. Indeed, the STM32F4 
performance line family incorporates the high-performance ARM Cortex-M4F 32-bit RISC core 
operating at a maximum of 168 MHz frequency, high-speed embedded memories (Flash memory of 
1Mbytes size and SRAM of 192 Kbytes size), and an extensive range of enhanced I/Os. The devices offer 
three 12-bit ADCs,  two DAC, twelve general purpose 16-bit timers, two 32-bit timers,  PWM  as well as 
standard and advanced communication interfaces: two I2Cs and one SPI, four Universal synchronous 
asynchronous receiver transmitter USARTs, two UART,  two USB and  two CAN. Moreover, the 
STM32F4 has configurable and flexible power management features that allow to choose the power 
option to fit application. Through the PWM port, STM32F4 board was connected to the stepper motor 
driver [6,7].  The motor was driven by a pulse width modulated (PWM) signals with periode T  and duty 
cycle of f=P/T , where P is the width of high part of pulse with periode of T.    
3.2. Software Development 
The main purpose of the embedded software was to control and monitor the rotor pump speed and 
hence maintain the rotor pump period in contant value. The embedded software was stored on the flash 
memory and it is transferred to the memory when power is turning on.  Once the initialization procedure 
was performed, the system goes into infinite loop waiting for interupts. These interupts have a specific 
priority.  The first priority is executed in order to do the motor current estimation with highest possible 
accuracy. The next is the digital current control interupt, which calculates and sets the appropriate 
controller action through the PWM actions. After the digital controller has been executed, some 
diagnostics were performed for activating or deactivating alarm system.  To do the motor current 
estimation,   the set point data which  is a fluid flow rate was first read. These data was entered from the 
main user interface and sent to the embedded software through  CAN network. This data was stored in the 
CAN receive buffer and used by the controller algorithm as a set point.  
In developing the embedded software, the following steps are used, namely: defining the technical and 
functional requirements, developing the algorithm,  coding, testing, and performing the verification and 
validation of  the software. The technical requirement includes the memory allocation for embedded 
controller software and CAN buffer, MCU processing speed. The functional requirements define the 
functions of the software for the system. Such functions includes 1) reading the set point data which are 
stored CAN receive buffer, 2) reading the input signals from stepper motor current sensors, Hall sensor, 
arterial pressure transducer, 3) calculating the time duration between the pulses of the Hall sensor output,  
4) converting  the time duration between the pulses into the flow rate, where similar conversion from 
milivolt to mmHg was conducted for  pressure transducer output signals,  5) calculating  the pump speed 
and hence the current delivered to the stepper motor  using the controller algorithm, 6) delivering the 
calculation results to the motor driver and CAN transmit buffer for visualization.       The embedded 
software consists of the following routines, namely DevController, OutputDev, CANBuff, CurrentSensor,  
HallSensor, PressSensor, Normalizer, and Algorithm.  Each subroutine has specific tasks. 
4. Results  
To test the peristaltic pump controller’s performance, a simple experimental flow loop as shown in 
Fig. 4  was constructed. It consits of liquid reservoir, peristaltic pump, electronic circuit board, liquid 
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disposal and external turbine flow meter.  Fluid flow rate measured using turbine flow meter (IR Opflow)  
is used for comparison.  
The fluid used in the experiment is a mixture of water (80 %) and glycerine (20 w%). The viscosity of 
the mixture is 1.84 mPa s. It is similar to the viscosity of human blood. The liquid is flowing from the 
liquid reservoir in the left to the liquid disposal at the right side, through a peristaltic pump in the middle.   
Reservoir Disposal Liquid
Peristaltic Pump IR Opflow
Flow Meter
Electronic 
System
 
 
Figure 4. Experimental flow loop 
 
The first experimental work was to obtain the relationship between the RPM (rotation per minute) and the 
flow rate. As shown in Fig. 5, it is obtained that there is linear relationship between RPM and flow rate 
for both water and a mixture of water and glycerine. 
 
 
Figure 5. Flow rate as a function of RPM 
 
Figure 6 shows the fluid flow after step response from 200 ml/min to 230 ml/min. It is seen that the 
flow rate gradually increase from 200 ml/min to the desired flow rate. It took around 10 seconds to reach 
the steady state condition.  
It is also seen that the flow rate is oscillated. This is due to the fact that flow is in turbulent condition. 
Using the proposed controller, the overshot on the flow rate can be over come.  
Table 1 shows the comparison betwen flow rate mixture of water and glycerine measured using 
peristaltic pump and turbine flow mater. Each experiment was conducted 10 times to obtain the average 
flow rate.  Close agreements are observed between two types of measurements.  
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Table 1. Comparison between liqued flow rate measured using peristaltic pump system and turbine flow meter. 
No Peristaltic pump system (ml/min) Turbine flow meter (ml/min) 
1 122±5% 125 ±5% 
2 245±5% 253±5% 
3 367±5% 378±5% 
4 452±5% 465±5% 
5 526±5% 535±5% 
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Figure 6  Fluid flow step response from 200 ml/min to 230 ml/min 
Conclusion 
The embedded software for controlling and monitoring peristaltic pump speed has been developed and 
implemented on ARM Cortex M4F  microcontroller with minimum cost.  The system is tested with the 
mixture of water and glycerin with certain composisition and having viscosity similar to human blood. 
The results shows that the performance of the controller is working as expected.  
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